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IrrigationAbstract A hydrochemical assessment of surface Nile water and ground water samples was carried
out to characterize, classify, and evaluate its suitability for drinking and irrigation. Eleven surface
Nile water samples and eight ground water samples were collected between El-Maasara and El-
Tibbin at the Helwan governorate.
Various hydro-chemical characteristics including physicochemical parameters (pH, density, elec-
trical conductivity, total dissolved solids (TDS), salinity, and hardness) were determined.
Laboratory work also included major anions (bicarbonate, chloride, and sulfate), and major cations
(sodium, potassium, calcium, and magnesium) as well as trace elements (iron, copper, manganese,
strontium, aluminium and lead). The results were compared with the recommendation limits of the
World Health Organization (WHO, 2008), the Egyptian Higher Committee for Water (EHCW,
2007) and the Drinking Water Standards and Health Advisors (US EPA, 2004).
The data obtained were used for mathematical calculations of some parameters such as sodium
adsorption ratio (SAR), sodium percentage (Na%), and the suitability of water samples for drink-
ing, domestic, and irrigation purposes was evaluated. The results indicate that most studied surface
Nile water samples show excellent to good categories and are suitable for drinking and irrigation.
Most studied ground water samples are not suitable for drinking and need treatment for irrigation;
few samples are not suitable for any purpose because of pollution from different sources in this
area.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
River Nile is always an important fresh water resource, along
the two sides. Our old civilization has ﬂourished and most
development activities are still depending upon them. River
Nile plays an important role in our activities since it is a
278 M. El-Sayed, W.M. Salemnatural potential source of drinking, irrigation and industry.
For this reason, continuous monitoring for quality parameters
is necessary. Despite the existence of relevant legislation, the
pollution of the river Nile continues as a consequence of
increasing agricultural, industrial and domestic efﬂuents.
While the quality parameters of most of the Nile’s water are
within acceptable levels, there are several hot-spots of pollu-
tion, mostly found at certain sites along its course. Helwan
area is considered as one of the most important industrial dis-
tricts in Egypt with all the negative side effects involved espe-
cially to the environment. This is due to the presence of some
large national industries such as iron and steel, cement, car
manufacturing, coal industry as well as red brick factories. A
number of these factories are not connected to the sewerage
network and discharge their untreated or partially treated
efﬂuents directly to the Nile or agriculture drains. Hence, these
industrial activities are considered as an important source of
water pollution [1–4].
Ground water is an important water resource in the Helwan
area, not only for drinking and agriculture purposes, but also
because several famous mineral springs have their origin in the
fractured carbonate aquifer in the region [5].
Ground water will be an important source of future water
supply and will play a crucial role in any kind of development.
Its contamination decreases the amount of available useful
ground water.
The speciﬁc objectives of the study are to investigate the
hydro-chemical characteristics of the surface Nile water and
ground water samples in the Helwan area in order to deter-
mine the sources responsible for deterioration of water quality
and to evaluate the suitability of these waters for drinking and
agricultural purposes.
Various hydrochemical characteristics including physico-
chemical parameters (pH, density, electrical conductivity, total
dissolved solids (TDS), salinity, and hardness) were deter-
mined. Laboratory work also included major anions (bicar-
bonate, chloride, and sulfate), major cations (sodium,
potassium, calcium, and magnesium) as well as trace elements
(iron, copper, manganese, strontium, aluminium and lead).
The results were compared with the recommendation limits
of the World Health Organization (WHO) [6], the Egyptian
Higher Committee for Water (EHCW) [7] and with the
Drinking Water Standards and Health Advisors (US EPA)
[8]. The data obtained were used to calculate some parameters
such as sodium adsorption ratio (SAR) and sodium percent-
age (Na%) to assess the quality of these water samples in this
area.2. Studied area
The area under study is located at South-East Cairo Fig. 1. It
is characterized by low to moderate topography. Some steep
slopes are observed behind the factories. The recorded highest
elevation is about 60 meters above mean sea level (amsl), while
the lowest elevation is about 38 meters (amsl) at the eastern
part, the general stratigraphic column of the studied area is
as follows from bottom to top [9].
– Observatory formation: It is of Middle Eocene age and con-
sists of white limestone to chalk at some places. Its thick-
ness reaches 80 meters.– Qurn formation: It is about 70 meters thick of Middle
Eocene dolomitic limestone (at the bottom) to white lime-
stone (at the top).
– Wadi Garawi formation: It is conformable with the under-
lain and overlain formations. Its thickness reaches
50 meters of argillaceous to marly limestone.
– Wadi Houf formation: It is of Upper Eocene age and con-
sists of marl to marly clay.
– Kom El-Shelul formation: It occupies a limited area in the
southern part of the studied site and consists mainly of marl,
sand and sandy limestone of Pliocene age. The thickness of
this formation varies from a few meters to about 25 meters.
– Quaternary deposits: They consist mainly of alluvium
deposits with a thickness reaching about 3 meters.3. Experimental methods
This study was carried out on eleven surface Nile water samples
and eight ground water samples. The ground water samples
were collected by covering the city between El-Tibbin and El-
Maasara at the Helwan Governorate and the surface waters
are from the River Nile. All water samples were subjected to
complete analysis including physico-chemical assessments, dif-
ferent inorganic constituents (anions and cations), as well as
trace elements. All analyses had been achieved according to
the standard test methods (Annual Book of American
Standard Test Method’’ (ASTM) [10] and APHA [11].
3.1. Physico-chemical properties
General physicochemical properties, including the pH, density,
speciﬁc gravity, electrical conductivity, total dissolved solids,
and total hardness were determined for the water samples.
The results are illustrated in Fig. 2. All analyses had been
achieved according to the following standard methods.
3.1.1. pH
The pH was determined at 25C using the electrometric
method according to the ASTM D1293 and APHA 4500H+
methods using a digital pH-meter (Hanna model pH 213,
equipped with a combination pH electrode, HI 1230 B).
3.1.2. Density and speciﬁc gravity
The density and speciﬁc gravity were determined using the
pyknometer method according to the ASTM D1429 and
APHA 2710 F methods. The speciﬁc gravity was measured
at 60/60 F using capillary stopper pyknometer. The densities,
at 15C of the water samples were calculated from the corre-
sponding results obtained for speciﬁc gravities at 60/60 F.
3.1.3. Electrical conductivity
The electrical conductivities of the water samples were deter-
mined according to the ASTM D1125 and APHA 2510 at
25C using digital conductivity meter, WTW, model Cond
330I, equipped with a conductivity cell.
3.1.4. Total dissolved solids
Total dissolved solids were determined according to the ASTM
D1888, APHA 2540 C methods by drying suitable aliquots of
the water samples at 180C in an oven.
Figure 1 Location map of the studied area.
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Calcium, magnesium and total hardness as calcium carbonate
of the water samples were calculated according to the ASTM
D1126 and APHA 2340 B methods from the determined total
concentrations of calcium and magnesium.3.2. Determination of anions
Anions including chloride, and sulfate were determined by ion
chromatography according to the ASTM D4327 and APHA
4110 methods using Ion chromatograph DX 600 gradient IC
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Figure 2 Variation of pH, density, conductivity, total dissolved salts and total hardness in ground and surface Nile water samples.
280 M. El-Sayed, W.M. Salemsystem (Dionex, Sunnyvale, CA, USA). The separated compo-
nents were detected by auto suppressed conductivity using E
D50 Electrochemical detector in the conductivity mode.
Carbonate and bicarbonate ions were determined by the titra-
tion method according to the ASTM D1067 and D3875 and
APHA 2320 methods. A suitable aliquot of each water sample
was titrated to pH 4.5 with a standard hydrochloric acid
solution.3.3. Determination of alkali and alkaline earth cations
Alkali and alkaline earth cations, including sodium, potassium,
magnesium and calcium were determined in the water samples
by ion chromatography according to the International
Standard, (ISO 14911) [12] using DX 600 gradient IC system
(Dionex, Sunnyvale, CA, USA). The separated components
were detected by the previous auto suppressed conductivity.
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Heavy metals including iron, copper, manganese, strontium,
aluminium and lead were determined by atomic absorption
spectrometry according to ASTM D4961 using atomic absorp-
tion spectrometer ZEEnit 700P, Germany. Cu and Al were
determined by graphite furnace at 324.8 nm and 309.3 nm,
respectively. Sr was determined by ﬂame absorption at
460.7 nm using acetylene/nitrous ﬂame. Mn, Fe and Pb were
determined by ﬂame absorption using acetylene/air ﬂame at
279.5 nm, 248.3 nm and 217 nm, respectively.
4. Results and discussion
4.1. pH
According to the World Health Organization (WHO) [6] stan-
dard guidelines for the pH values for aquatic life are in the range
of 6.5–9.0, for drinking water from 6.5 to 8.5 and for irrigation
water from 6.5 to 8.4. pH outside the standard guidelines range
may cause a nutritional imbalance or may contain a toxic ion.
Fig. 2 illustrates the variation of pH for all surface Nile water
and ground water samples. pH of surface Nile water samples
Nos. 2, 3, 8, 9, 10, and 11 varies from 7.93 to 8.21 which indicate
that these water samples are weakly alkaline and the major
anion present being bicarbonates, while samples Nos. 1, 4, 5,
6, and 7, have relatively higher pH values ranging between
8.28 and 8.38 indicating moderately alkalinity. Accordingly
the water is suitable for both drinking and irrigation.
The examined ground water samples have pH values that
lie between 6.87 and 7.90 (i.e. nearly neutral to slightly alka-
line) indicating the suitability of these wells for drinking in
addition to irrigation.
4.2. Density and speciﬁc gravity
The densities at 15C of the studied waters are illustrated in
Fig. 2, they are in the range of 1.00149–1.00193 g/ml and the
speciﬁc gravity varies from 1.00249 to 1.00292 for surface
Nile water samples with increasing order as follows
7 < 6 < 8< 5< 4 < 2 < 9< 10 < 1 < 11 < 3, the lowest
value recorded for sample 7 and the highest value recorded
for sample 3. The values of densities give an indication of
TDS values and conductivity results.
The examined ground water samples have densities at 15C
range from 1.00165 to 1.00262 g/ml and the speciﬁc gravities
from 1.00265 to 1.00362 with increasing order of
5 < 3 < 6< 4< 8 < 2 < 1< 7.
4.3. Electrical conductivity
The electrical conductivities (EC) at 25 C are illustrated in
Fig. 2. They vary from 427 to 505 lS/cm for surface water
samples and from 617 to 1583 lS/cm for ground water samples
as the same order of densities.
4.4. Total dissolved solids (TDS) and salinity as NaCl
As shown in Fig. 2, the total dissolved solids for surface water
samples are in the range of 359–392 mg/l. These values arebelow 500 mg/l the limitation of WHO [6], and EHCW [7],
but exceed 300 mg/l which indicates the increase of dissolved
salts that may be due to discharging of agricultural and indus-
trial drains. TDS values for ground water samples are found
between 554 and 1390 mg/l, the highest value is found in sam-
ple No. 7 which could be due to seepage of agriculture sewage.
According to (EPA) [13], if the total dissolved solids exceeds
1000 ppm in the ground water it becomes useless for drinking
but may be used for irrigation of some plants.
Salinity as sodium chloride of the waters under study, cal-
culated from the concentration of chloride has the range of
55.45–74.28 mg/l for surface Nile water and 102.53–
339.77 mg/l for ground water.
As expected TDS, and EC values of the ground water sam-
ples exceed those of surface Nile water samples. This is attrib-
uted to water–rock interaction.
4.5. Total hardness
Total hardness (T.H.) has been estimated from calcium and
magnesium concentrations and calculated from the following
equation:
T:H: ¼ 2:497 Caþ 4:11 Mg
Water hardness has no known adverse effects; however,
some evidence indicates its role in heart disease and unsuitabil-
ity of hard water for domestic use [14]. According to Sawyer
and McCarthy’s [15], Hardness is commonly classiﬁed, in
terms of degree of hardness as: (1) Soft: zero to 75 mg/l, (2)
Moderate: 75 mg/l to 150 mg/l, (3) Hard: 150 mg/l to
300 mg/l, and (4) Very hard: >300 mg/l. The total hardness
of the studied surface Nile water samples is in the range of:
155.4 mg/l to 161.6 mg/l as mg/l CaCO3. Results indicate that
all samples are moderately hard and this hardness may be due
to different sources of water pollution such as: industrial pol-
lution, sewage pollution as well as sewage of organic matter
(animal and plant), the surface water samples Nos. 7 and 9
have the lowest values of hardness, while sample No. 3 has
the highest value.
Total hardness for the studied ground water samples varies
from 246.1 to 499.8 as mg/l CaCO3 as shown in Fig. 2. These
water results indicate that sample No. 5 is hard and the other
samples are very hard, which reﬂects the higher contents of cal-
cium and magnesium due to gypsum and anhydrite dissolution
in the circulating waters.
4.6. Cations distribution
The distributions of cations Ca2+, Mg2+, Na+ and K+ for
surface Nile water and ground water samples are shown in
Fig. 3.
Ca2+ is a major ion in natural waters, comes mainly from
rocks, seepage, wastewater etc. The concentration of Ca2+ in
surface Nile water samples varies from 39.8 for sample No. 9
to 42.45 mg/l for sample No. 3. The highest value may be
due to the inﬂuence of agricultural drainage or industrial waste
water. The concentration of Ca2+ in the ground water samples
ranges between 47.9 mg/l for sample No. 5 and 123.17 mg/l for
sample No. 7. Correlating these results with the permissible
limits for drinking water (WHO) [6], and EHCW [7], the con-
centrations of Ca2+ in all surface Nile water samples are less
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Figure 3 Distribution of Ca2+, Mg2+, Na+, and K+ cations in the ground and surface Nile water samples.
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ples exceed the permissible limits except samples Nos. 1 and 5.
Magnesium is required as an essential nutrient for plants as
well as for animals and a concentration of 30 mg/l is recom-
mended for drinking waters (WHO) [6]. The concentration
of Mg2+ in surface Nile water is less than 30 mg/l while for
ground water samples is in the range of 30.69–51.16 mg/l.
Correlating these results with the permissible limits for drink-
ing water (WHO) [6], they are below 150 mg/l which is the
maximum level allowed.
Sodium ion represents one of the main ions dissolved in
natural waters, when reacting with chloride ions forms rock
salt (NaCl). Sodium ion is often taken as an importantparameter in deciding the suitability of water for irrigation.
The drinking water standard limits WHO [6], and EHCW [7]
for sodium is 200 mg/l. The concentrations of Na+ are in
the range of 38.6 mg/l and 45.66 mg/l in surface Nile water
samples while in ground water samples the concentration of
sodium is between 60.3 and 128.5 mg/l except samples Nos.
1, and 7, which are higher than 200 mg/l.
The presence of K+ in the natural waters is very important
since it is an essential nutrient element for plants (Egyptian
Environmental Affairs Agency (EEAA) [16]. The concentra-
tions of potassium are quite low in surface Nile water samples
(5.0–6.0 mg/l) while it reaches up to 11.4 mg/l in the ground
water samples.
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The distributions of anions Cl, HCO3
 and SO4
2 in surface
Nile water and ground water samples are shown in Fig. 4.
On the contrary HCO3
, an excess of chloride (Cl) in
drinking water is usually taken as an index of pollution. The
Egyptian drinking water standard limit (EHCW) [7] for Cl
is 250 mg/l and the recommended limit (WHO) [6] is also
250 mg/l. The concentration of the Cl ion in the studied sur-
face of Nile water samples is in the range of 32–45 mg/l i.e.
within the acceptable range. The concentrations of Cl of
the studied ground water samples are increasing and reach
up to 205 mg/l which remain within permissible limits for
drinking and also within the permissible limits for irrigation,
350 mg/l. The most common toxicity of chloride in irrigation
water is due to that chloride is not adsorbed or held back by
soils; therefore it moves with the soil–water, which is taken
up by the crops, moves and accumulates in the leaves [17].
The concentrations of bicarbonate ions HCO3
 are more
than the chloride ions concentration, but, have less tolerance
value due to original mineral sources [17].
The bicarbonate content varies from 180 to 200 mg/l in sur-
face Nile water samples and from 287 to 634 mg/l in ground
water samples.Figure 4 Distribution of Cl, HCO3
, and SO4
2 anThe concentration of sulfate ions SO4
2 in the studied sur-
face of Nile water samples ranged from 38.9 to 51.1 mg/l, while
for all ground water samples, the range is between 51 and
154 mg/l, except sample No. 6 that records the lowest value
of 3.1 mg/l and sample No. 1 which recorded the highest value
of 239 mg/l, it could be attributed to industrial and agriculture
efﬂuents. The concentration of SO4
2 ions in all the studied
water samples are within the permissible limit for drinking
water, 250 mg/l (WHO) [6] and for irrigation purposes,
350 mg/l.
4.8. Heavy metals
Studies have been focusing on quantifying the heavy metals
and their assessments on the aqueous environments [18–22].
Accumulation of heavy metals in aqueous environments can
lead to hazards on humans and wildlife. They could be derived
in water from both natural (weathering and erosion of bed
rocks and ore deposits) and anthropogenic (mining, industrial,
wastewater irrigation and agriculture activities) sources. Heavy
metals may contaminate the surface and ground water result-
ing in deterioration of drinking and irrigation water quality.
They are considered as severe pollutants owing to their toxic-
ity, persistence and bioaccumulative nature in environment,ions in ground and surface Nile water samples.
284 M. El-Sayed, W.M. Salemtherefore their concentrations are especially regulated in most
countries [23].
The concentrations of heavy metals in water depend on a
number of chemical parameters, including pH, ionic strength,
alkalinity, and the presence of organic ligands, inorganic
anions and other metals ions [24].
In this study, Fe2+, Cu2+, Mn2+, Sr2+, Al3+ and pb2+
were determined in all the studied acidiﬁed water samples
and the results are given in Table 1. The results indicate that
the concentrations of iron in all the analyzed surface Nile
water samples are within the range of 0.153–0.399 mg/l, except
sample No. 8 which has 1.71 mg/l. The permissible maximum
contaminant level is 0.30 mg/l (WHO) [6].
For ground water samples, the lowest iron concentrations
results are detected in samples Nos. 3, and 6 which are in
the range of 0.160–0.198 mg/l, while water samples Nos. 1, 4,
and 7 range between 0.356 and 0.649 mg/l, the highest values
are detected in samples Nos. 2, 5, and 8 which are in the range
of 1.70 mg/l–4.03 mg/l, these water samples are not accepted
for drinking.
Copper concentrations results for surface Nile water sam-
ples are in the range between 0.003 and 0.012 mg/l, and for
ground water samples are in the range between 0.0001 and
0.018 mg/l, both are less than the maximum contaminant level,
1.3 mg/l (WHO) [6]. Copper is essentially required for normal
body growth and functions of living organisms, while high
concentrations in drinking water can cause mental diseases
such as Alzheimer [23].
Manganese concentrations for surface Nile water samples
are in the range of 0.001–0.009 mg/l as in samples Nos. 1, 6,
7, 9, and 10, and from 0.015 to 0.037 mg/l in samples Nos.
2, 4, 5, 8, and 11, and the highest value is detected in sample
No. 3 which is 0.474 mg/l. For ground water samples, man-
ganese concentrations range between 0.017 and 0.086 mg/l as
in samples Nos. 4, 6, and 8, and between 0.243 and
0.808 mg/l as in samples Nos. 5, 2, 1, and 3, the highest valueTable 1 Concentrations of heavy metals in the surface Nile water
Iron, Fe2+ Copper, Cu2+ Manganese, Mn2+
Surface water samples
1 0.153 0.010 0.001
2 0.174 0.005 0.015
3 0.399 0.009 0.484
4 0.322 0.012 0.027
5 0.270 0.004 0.034
6 0.183 0.004 0.003
7 0.209 0.005 0.002
8 1.71 0.007 0.037
9 0.386 0.007 0.003
10 0.239 0.009 0.009
11 0.188 0.003 0.016
Ground water samples
1 0.616 0.001 0.275
2 1.70 0.004 0.256
3 0.160 0.002 0.808
4 0.649 0.003 0.017
5 1.843 0.0001 0.243
6 0.198 0.011 0.059
7 0.356 0.005 1.095
8 4.033 0.018 0.086is detected in sample No. 7 which is 1.095 mg/l, the maximum
contaminant level 0.4 mg/l (WHO) [6].
In general, iron and manganese quite frequently occur
together and present no health hazards at concentrations nor-
mally found in natural waters.
Strontium concentrations results indicate that all the stud-
ied analyzed samples are in the range of 0.630–1.213 mg/l
except the ground water sample No. 1 has a value of
2.23 mg/l, the reference dose is 4 mg/l, therefore, all water sam-
ples are accepted as potable drinking water. According to (US
EPA) [13], Sr2+ is not likely to be carcinogenic to humans.
Aluminium concentrations of most analyzed water samples
are above the accepted limit of 0.2 mg/l (WHO) [6], for surface
Nile water ranging between 0.313 and 0.864 mg/l, except sam-
ple No. 1 which has the lowest value of 0.136 mg/l. Ground
water samples values range between 0.125 and 0.537 mg/l
except those of samples Nos. 7, and 8 that have values
0.097 mg/l, and 1.69 mg/l, respectively.
Lead concentrations of all surface Nile water samples and
ground water samples are nill.
5. Evaluation of the suitability of surface Nile water and ground
water samples for different usages
5.1. Suitability of samples for drinking and domestic purpose
According to the WHO [6] and Egyptian guideline standards
EHCW [7], the results obtained for the analyzed samples indi-
cate that the concentrations of anions and cations in most of
the surface Nile water samples are ﬁt with the standards limits,
while they are above the permissible levels in most ground
water samples and are not suitable for drinking and domestic
purposes. Generally, most of the studied water samples require
treatment before using it as drinking water. This treatment is
required for removal of color, odor, suspended matters,
organic matters and bacteria. Also, in order to remove metalssamples and ground water samples (unit in mg/l).
Strontium, Sr2+ Aluminium, Al3+ Lead, pb2+
0.714 0.136 Nill
0.690 0.313 Nill
0.751 0.507 Nill
1.213 0.360 Nill
0.833 0.591 Nill
0.810 0.807 Nill
0.806 0.510 Nill
0.836 0.865 Nill
0.833 0.349 Nill
0.808 0.525 Nill
0.888 0.377 Nill
2.226 0.233 Nill
0.874 0.331 Nill
1.001 0.395 Nill
0.827 0.537 Nill
0.630 0.477 Nill
0.952 0.125 Nill
1.053 0.097 Nill
1.130 1.69 Nill
Table 2 US Salinity Laboratory’s classiﬁcation of saline
irrigation water based on salinity level, potential injury to
plants and management necessary for satisfactory utilization.
Salinity
hazards
class
Electrical
conductivity
(lS/cm)
Total
dissolved
salts
(ppm)
Potential injury and
necessary management for
use as irrigation water
C1
Low
<250 <150 Salinity hazard; generally
not a problem; additional
management is not needed
C2
Medium
250–750 150–500 Damage to salt sensitive
plants may occur.
Occasional ﬂushing with
low salinity water may be
necessary
C3
High
750–2250 500–1500 Damage to plants with low
tolerance to salinity will
likely occur. Plant growth
and quality will be
improved with excess
irrigation for leaching and/
or periodic use of low
salinity water and good
drainage provided
C4
Very
high
>2250 >1500 Damage to plants with
high tolerance to salinity
may occur. Successful use
as an irrigation source
requires salt tolerant
plants, good soil drainage,
excess irrigation for
leaching and/or periodic
utilization of low salinity
water
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is to obtain clear, bright, colorless, potable and whole some
water, not too hard and without corrosive and solvent action
on metals.
5.2. Suitability of water for irrigation purpose
The quality of water used for irrigation is vital for crop yield,
maintenance of soil productivity and production of the envi-
ronment. The Food Agriculture Organization (FAO) recom-
mended irrigation water quality determining indices, such as
salinity, total dissolved solids (TDS), sodium adsorption ratio
(SAR), and sodium percentage (Na+%) which were calculated
based on the chemical variables of water samples to evaluate
their suitability for irrigation purposes [25–30].
5.2.1. Salinity
Electrical conductivity (EC) is a good measure of salinity haz-
ard to crops, as it reﬂects the TDS in water. High salt content
in irrigation water causes an increase in soil solution osmotic
pressure [31]. The osmotic pressure is proportional to the salt
content or salinity hazard. The salts, affect the growth of
plants directly, also affect the soil structure, permeability and
aeration, which indirectly affect plant growth. Electrical con-
ductivity is thus the most inﬂuential water quality guideline
on crop productivity. Higher EC indicates that less water is
available to plants. United States Salinity Laboratory classiﬁ-
cation of saline irrigation water (USSL) (Richards) [25] is
shown in Table 2. According to the USSL classiﬁcation, the
water salinity class of all the analyzed surface Nile water sam-
ples is C2 medium salinity (TDS < 500 mg/l and
conductivity < 500 lS/cm), and the water salinity class of
most ground water samples is C3 high salinity except sample
No. 5 which is medium.
5.2.2. Sodium adsorption ratio (SAR)
The SAR is probably the only one in current use and is gener-
ally considered an effective evaluation index for most waters
used in agriculture irrigation [26], it has been calculated as
follows:
SAR ¼ Na=fðCa2þ þMg2þÞ=2g0:5
Where: Na+, Ca2+ and Mg2+ are in milli equivalents per litre
(meq/l). There is a signiﬁcant relationship between SAR values
of irrigation water and the extent to which sodium is absorbed
by the soil. High concentrations of sodium in soils affect its
physical condition and soil structure resulting in formation
of crusts, water-logging, reduced soil aeration, reduced inﬁltra-
tion rate and reduced soil permeability. On the other hand,
excessive concentrations of sodium in soils also are toxic to
certain types of crops. SAR gives a very reliable assessment
of water quality of irrigation waters with respect to sodium
hazard, since it is more closely related to exchangeable sodium
percentages in the soil than the simpler sodium percentage [32].
Sodium replacing adsorbed calcium and magnesium is a
hazard as it causes damage to the soil structure. It becomes
compact and impervious. SAR is an important parameter for
the determination of the suitability after irrigation water
because it is responsible for the sodium hazard [33].
In this study the SAR value in the surface Nile water sam-
ples range from minimum (1.369 mg/l) in sample No. 6 tomaximum (1.516 mg/l) in sample No. 1, while in groundwater
samples it is equal 1.414, 1.428, and 1.673 for samples Nos. 6,
3, and 5 respectively, and 2.134, 2.724 for samples Nos. 4, and
2, respectively, and 4.103, 4.793 for samples Nos. 7, and 1,
respectively. According to sodium adsorption ratio values
(SAR) [34] in Table 3, all surface Nile water samples and
ground water samples are in the S1 category. It means that
most of surface Nile water samples and ground water samples
are suitable for irrigation according to water quality assess-
ment by USSL and there is little danger for most samples after
irrigation in this area.
The United States Salinity Laboratory Staff diagram
(USSLS) (Richards) [25], where SAR which is taken as
Sodium Hazard is plotted on the Y-axis against EC which is
taken as Salinity Hazard on X-axis, was used for the classiﬁca-
tion of the studied water samples for irrigation. On the basis of
this US salinity diagram Fig. 5, all surface Nile water samples
belong to C2-S1, medium salinity hazard and low sodium haz-
ard category that could be used as irrigation if a moderate
amount of leaching occurs and with little danger for the devel-
opment of harmful levels of exchangeable sodium. Most
ground water samples belong to C3-S1, high salinity hazard
and low sodium hazard category that cannot be used on soils
with restricted drainage although they have little danger for
the development of harmful levels of exchangeable sodium.
Even with adequate drainage, special management for salinity
Table 3 Sodium hazard classes based on sodium adsorption
ratio values (SAR) according to USSL classiﬁcation.
Sodium
hazards class
SAR Precaution and management suggestions
S1 0–10 (low Na water) Little danger
S2 10–18 (medium Na water) Problems on ﬁne
texture soil and sodium sensitive plants,
especially under low leaching conditions
Soils should have good permeability
S3 18–26 (high Na water) Problems on most soils.
Good salt tolerant plants are required
along with special management such as
the use of gypsum
S4 >26 (very high Na water) Unsatisfactory
except with high salinity (>2.0 ms/m),
high calcium levels and the use of gypsum
Figure 6 Wilcox diagram classiﬁcation of the studied samples
for irrigation (after Wilcox [37]).
286 M. El-Sayed, W.M. Salemcontrol may be used though plants with good salt tolerance
should be selected for C3-S1 [35].
5.2.3. Sodium percentage (Na%)
Soils containing a large proportion of sodium with carbonate
as the predominant anion are termed alkali soils; those with
chloride or sulfate as the predominant anions are saline soils.
The role of sodium in the classiﬁcation of water after irrigation
was emphasized because of the fact that sodium reacts with
soil and as a result clogging of particles takes place, thereby
reducing the permeability [33,36]. Percent sodium in water is
a parameter computed to evaluate the suitability for irrigation
[32,37]. Sodium content is usually expressed in terms of solubleFigure 5 US Salinity Laboratory classiﬁcation of the stusodium percentage. Soluble sodium percent Na+% is calcu-
lated by the following equation;
Naþ% ¼ fðNaþ= Naþ þKþ þ Ca2þ þMg2þÞg  100
Where the quantities of Ca2+, Mg2+ Na+ and K+ are
expressed in mill equivalents per litre. A Wilcox plot, can be
used to quickly determine the viability for irrigation purposes,
The Wilcox plot is also known as Agriculture diagram. It uses
percent-sodium ratio on the Y-axis and Electrical conductivity
on X-axis. On the basis of Wilcox diagram (Fig. 6), all surface
Nile water samples and the ground water sample No. 5 belong
to the good to permissible irrigation water categories (II).
Wilcox described the good to permissible irrigation water asdied water samples for irrigation (after Richards [25]).
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favorable drainage conditions.
Most ground water samples belonged to doubtful to unsuit-
able (IV) except ground water samples No. 1 and 7 which are
unsuitable. Special sodium control and soil management was
required to reduce the salinity and sodium hazard.
Therefore, surface Nile water samples are suitable for irriga-
tion with little danger to the soil and crops and ground water
samples require treatment before irrigation.6. Conclusions
The analyzed data for the studied samples reveal that:
(1) Majority of all the analyzed water samples are alkaline
due to the presence of calcium and Magnesium bicar-
bonate. Also, all surface Nile water samples have TDS
values over 300 ppm and all ground water samples have
TDS over 500 up to 1400 ppm. The analysis reveals that
ground water need certain degree of treatment before
consumption and also need to be protected from the per-
ils of contamination.
(2) Total hardness of the studied surface Nile water samples
is moderate and of the ground water samples is very
hard. This hardness may be due to different sources of
water pollution in this industrial area such as: industrial
pollutants, sewage pollutants as well as sewage of
organic matter (animal and plant).
(3) The concentrations of major anions (chloride, bicarbon-
ate, and sulfate) and major cations (calcium, magne-
sium, sodium, and potassium) in all surface Nile water
samples are less than the standard permissible limits
for drinking (WHO). While, most ground water samples
have concentrations that exceed the permissible limits.
(4) The concentrations of iron and manganese in most sur-
face Nile water samples are below the maximum con-
taminant levels and in most ground water samples
exceed these limits. The concentrations of copper, stron-
tium, and lead are under the maximum contaminant
levels in all the studied water samples, while, aluminium
concentrations are over the accepted limits.
(5) In general, all surface waters from rivers, lakes, many
springs and shallow wells require treatment before using
it as drinking water. This treatment is required for
removal of color, odor, suspended matters, organic mat-
ters and bacteria. Also, in order to remove metals e.g.
iron and manganese and for softening (removal of dis-
solved solids e.g. Ca and Mg). The main target of all
treatment methods is to obtain clear, bright, colorless,
potable and whole some water, not too hard and with-
out corrosive and solvent action on metals.
(6) According to the United Salinity Laboratory, all surface
Nile water samples belong to C2-S1, of medium salinity
hazard and low sodium hazard category that could be
used as irrigation if moderate amount of leaching
occurs. Most ground water samples belong to C3-S1,
of high salinity hazard and low sodium hazard category
that cannot be used on soils with restricted drainage
although they have little danger for the development
of harmful levels of exchangeable sodium.(7) On the basis of Wilcox, all surface Nile water samples
are good to permissible irrigation water and most
ground water samples are doubtful to unsuitable. The
special sodium control and soil management were
required to reduce the salinity and sodium hazard before
irrigation in case of ground water samples.
(8) All surface Nile water samples can be used for irrigation
directly, but ground water samples require treatment to
reduce salinity and sodium hazards.
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